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P = 112.674 (1)° 
V = 2078.31 (11) a' 
Z = 4 

Mo Ka radiation 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2004) 
T^in = 0.945, r„,„ = 0.965 

Refinement 

R[F^ > 2a(F^)] = 0.039 

wR{F^) = 0.104 

S = 1.03 

5053 reflections 

293 parameters 



Table 1 



jtt = 0.16 mm 
r = 298 K 

0.35 X 0.27 X 0.22 mm 



29246 measured reflections 
5053 independent reflections 
3766 reflections with / > 2cr(/) 
RiM = 0.053 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„, = 0.32 e A"' 

Ap„i„ = -0.51 e A"' 



In the title compound, C27H20NO3P, the P atom exhibits a 
somewhat distorted PNO3 tetrahedral geometry, with the O — 
P-O angle for the binaphthyl fragment being 102.82 (6)°. The 
dihedral angle between the naphthyl ring systems is 59.00 (2)°. 
In the crystal, inversion dimers linked by pairs of N— H- ■ O 
hydrogen bonds generate i?i(8) loops. 

Related literature 

For background to organophosphorus chemistry, see: Malik et 
al. (2010). For related structures, see: Gowda et at. (2010a,5, 
2011). 




Experimental 

Crystal data 

C27H20NO3P a = 13.7998 (4) A 

Mr = 437 Al b = 11.0667 (3) A 

Monoclinic, P2,/c c = 14.7487 (5) A 



Hydrogen-bond geometry 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


Nl-HlAf-.-OS' 


0.90 (2) 


2.01 (2) 


2.9015 (17) 


170.2 (18) 


Symmetry code: (i) — .\ 


,-v + l,-z- 


hi. 







Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHELXL97. 

The authors acknowledge the Department of Chemistry, 
IIT Madras, for the X-ray data collection. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB6484). 
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l,l'-Bmaphthyl-2,2'-diyl benzylphosphoramidate 
R. R. Gowda, V, Ramkumar and D. Chakraborty 

Comment 

In the recent years, we were interested in the chemistry of phosphorus (V) compounds (Mahk et al, 2010). One of our 
major objectives has been the use of such reagents for ring-opening polymerization reactions (Gowda e? al., 2011). Recently, 
we have published two phosphoric acid derivatives (Gowda et al, 2010a,b). The title compound described here is the new 
benzylphosphoroamidate derived from binol phosphorochloridate and benzyl amine. 

The P=0 bond length is slightly shorter than the P-0 length. All the bond lengths and angles are in agreement with 
Uterature precedents (Gowda et al, 2011). 



To a stirred solution of binol (200 mg, 0.69 mmol) in CH2CI2 (20 mL) under nitrogen atm at 0 °C was added triethylamine 
(2 ml, 13.96 mmol) dropwise. To the above reaction mixture POCI3 (0.07 mL, 0.69 mmol) was added dropwise, formation 
of HCl was observed. Reaction mixture stirred at 0 °C for 10 mins up to room temperature and continued stirring for 4 h. To 
the above reaction mixture benzyl amine (0.38 mL, 3.49 mmol)was added at room temperature and the reaction mixture was 
stirred for 2.5 h. The reaction mixture was evaporated to dryness. Mass was dissoved in CH2CI2 (30 ml) and washed with 
water (5 mL) then with saturated brine (5 ml). Organic layer was dried over Na2S04, filtered and evaporated to dryness. 
This was further purified by column chromatography to yield a colourless solid. 



All hydrogen atoms except N atom were fixed geometrically and allowed to ride on the parent carbon atoms with aromatic 
C-H = 0.93 A and methylene C-H = 0.96 A. The displacement parameters were set for phenyl H atoms at (7iso(H) = 1.2(7 
eq(C) and for methylene H atoms at (7iso(H) = 1.5(7eq(C).N atom was identified by fourier mapping and were fixed. 



Experimental 



Refinement 



Figures 




Fig. 1. ORTEP of the molecule with atoms represented as 30% probability ellipsoids. 
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1,1 '-Binaphthyl-2,2'-diyl benzylphosphoramidate 



Crystal data 

C27H20NO3P 
M,.= 437.41 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 13.7998 (4) A 
Z)= 11.0667 (3) A 
c= 14.7487 (5) A 
P= 112.674(1)° 

F= 2078.31 (11) A^ 
Z = 4 



7^(000) = 912 

Dx= 1.398 Mgm"^ 

Mo radiation, X = 0.7 1 073 A 

Cell parameters from 9423 reflections 

9 = 2.4-28.1° 

\i = Q.l6 mm ' 

r=298K 

Block, colourless 

0.35 X 0.27 X 0.22 mm 



Data collection 

Bruker APEXn CCD 
dififractometer 

Radiation source: fine-focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
{SADABS; Bruker, 2004) 
rmi„ = 0.945, rmax = 0.965 
29246 measured reflections 



5053 independent reflections 
3766 reflections with /> 2a(/) 



- = 28.3°, 



/! = -18^18 



-14^14 
-17^19 



1.6° 



Refinement 

Refinement on 
Least-squares matrix: full 
/?[i^> 20(^2)] = 0.039 

w/?(i^) = 0.104 

S= 1.03 

5053 reflections 
293 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 

methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained reflnement 

w = V[c\Fo^) + (0.0445P)^ + 0.951P] 

where P = (Fo^ + 2FcV3 

(A/a)„ax = 0.001 

Apmax = 0.32 e A"^ 
Apmin = -0.51 e A"^ 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two Is. planes) 
are estimated using the full covariance matrix. The cell esds are taken 
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into account individually in the estimation of esds in distances, angles 
and torsion angles; correlations between esds in cell parameters are only 
used when they are defined by crystal symmetry. An approximate (isotropic) 
treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, convention- 
al R-factors R are based on F, with F set to zero for negative F'^. The threshold expression of F^ > 2sigma(F^) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F^ are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
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0.0192 (3 


Cll 
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0.0211 (3) 


C21 


0.02951 (13) 


0.81676(14) 


0.48691 


(14) 


0.0313 (4; 



sup-3 



supplementary materials 



U01 A 

rlZl A 


U.U /4j 




U.5j4o 




A /I ^01 




A A10* 




XT'! 1 D 










A z znr\ 
U.JJ /U 










U.U /o4d 


(12) 


U.o lliy 


(13) 


U.44ZOJ 


(12) 


A AO /I 

U.Uz4o ) 






All 


(14) 


A C\1 1 AA 


(15) 




(13) 


A A'5AC /'A\ 

U.UiUj (4J 




xlZi 


A A/ion 




A Ol/l 1 




All 11 
\J.J ill 




A AIT* 

yj.yjj 1 




/I 


A T An o c 


(15) 


A AOOT> 


(16) 


ATI Cll 


(14) 


U.iJJoU {4} 






_A OUT 




1 AOQ^ 




U.ZJ04 




A A/ll* 






— U.Z/j /O 


(14) 


A C\QAOn 


(16) 


U.iooz/ 


(15) 


A A'5'7iC /'A\ 

U.Ui/o (4J 




xlZj 


-0.3385 




1 A01Q 




A 'J/1/1 1 




A A/1 ^* 






-0.24159 


(15) 


U.yzi jz 


(18) 


A A Z 


(15) 


A ATOT 

U.UiV 1 {_•>) 




rizo 


-0.2853 




A Q1 QC 




A /IQI A 




A A/IQ* 




/ 


-0.14467 


(15) 


A Q/^CO 1 


(17) 


A A A1 1 A 

vAyj 14 


^'^ A\ 
(14) 


A AT/1 1 /A\ 

U.U 341 (4j 




xlZ/ 


-0.1235 




U.5Z / J 




U. J JZO 




A A/1 1 * 

U.U41 




Nl 


0.02726 (10) 


0.68495 


(11) 


0.47013 


(10) 


0.0239 (3) 




01 


0.22318(8) 


0.68401 


(9) 


0.54441 


(8) 


0.0220 (2) 




02 


0.14012 (8) 


0.61001 


(9) 


0.37169 


(8) 


0.0229 (2) 




03 


0.12166 (8) 


0.47812 


(10) 


0.49874 


(8) 


0.0260 (3) 




PI 


0.12654(3) 


0.60554 


(3) 


0.47454 


(3) 


0.02003 (11) 




HIN 


-0.0227 (15) 


0.6422 (19) 


0.4812 (14) 


0.038 (5)* 




Atomic displacement parameters (A^) 
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120.69(15) 


C3— C2— H2 


120.6 


C19— C18— H18 


119.7 


Cl— C2— H2 


120.6 


C17— C18— H18 


119.7 


C2— C3— C4 


121.42(15) 


C18— C19— C20 


119.13(15) 


C2— C3— H3 


119.3 


C18— C19— H19 


120.4 


C4— C3— H3 


119.3 


C20— C19— H19 


120.4 


C3— C4— C5 


122.35 (16) 


Cll— C20— C19 


123.71 (14) 
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/^i f~^A /^n 
C3 — C4 — Cv 


110 AC A\ 
llO.yj (14) 


CD — C4 — cy 


uo.oy (loj 


/^iC /^C t^A 

Co — CD — C4 


111 /lo /I n\ 
IZlAz (1 /) 


Co — Cj — rlj 


1 1 Q 1 

iiy.i 


/"'/I c^z 

C4 — CD — riD 


1 1 A 1 

1 ly.i 


/"'C /"'^i /~"7 

CD — Co — C / 


iiy.oj (loj 


c^z c^f^ xj/i 
Cj — Co — Mo 


1 OA 1 

IzU.l 


r*^n r^£. xjiC 
C / — Co — Mo 


1 OA 1 

IzU.l 


/^o r^n /^/C 
Co — C / — Co 


1 OA ^"5 /I 0\ 

IzU.oJ (loj 


f^Q f^n m 
Co — C / — M / 


1 ly. / 


r^c r^n xn 
Co — C / — M / 


1 1 A T 

uy. / 


r^n f^Q f^(\ 

c / — Co — cy 


IZl.O (1 /J 


r^n r^Q uo 
C / — Co — Mo 


1 1 A /I 

1 iy.4 


r^c\ /^o LJO 
cy — Co — Mo 


1 1 A /I 

1 iy.4 


r^o r^c\ r^A 

Co — cy — C4 


1 1 O 1 A /I /1\ 

Uo.iy (14) 


Co — cy — c 1 u 


lZZ.Z4 (14) 


C4 — cy — c 1 u 


11A ^'^ A\ 
Uy.JO (14) 


CI — clu — cy 


I 1 T CO /I /l\ 

II /.JO (14) 


Ci — CiU — Cil 


1 OA /lO /'T2^ 

lzU.4/ (li) 


r^c\ 1 A 1 1 

cy — ciu — cii 


ITI A/1 

izi.y4 (13) 


CzU — CI 1 — Clz 


1 1 /. j4 (14) 


CzU — C i i — C 1 U 


1 OA AA /"n^ 
IzU.Uo (13 ) 


Clz — Cll — CIU 


1 OO OiC /I 

Izz.zo (13) 


/"'IT /^ll 

Cli — Clz — CI / 


1 1 O AA /I /1\ 

1 lo.UU (14) 


/^IT /^IT 

CI 3 — Clz — Cll 


in AC /'i/iA 
IzZ.yj (14) 


CI 7 — Clz — Cll 


1 1 A A1 /"I 

iiy.oi (14) 


C 1 4 — C 1 J — C 1 Z 


1 T 1 A1 /I C\ 

1Z1.U3 (Ij) 


C14 — C13 — M13 


1 1 A C 

1 ly. J 


Clz — CI J — M13 


1 1 A C 

uy.j 


C13 — C14 — C15 


1 OA /CO /"I 

120.62 (16) 


i^l 1 i^l /I XJ1 /I 

C13 — C14 — ^M14 


1 1 A T 

1 ly. / 


i^l C i^l /I XJ1 A 

CI J — C14 — ^M14 


1 1 A T 

uy. / 






C16 — C15 — ^H15 


119.9 


C14 — C15 — H15 


119.9 


C15 — C16 — C17 


121.13 (16) 


C15 — C16 — ^H16 


119.4 


C17 — C16 — ^H16 


119.4 


C 1 U — C 1 — C/ — C J 


O A /">\ 

— Z.U (z) 


/"'I /"'O 

U 1 — CI — Cz — Cj 


1 "TA 1 "7 / 1 
— 1 /y.l / (13) 


/"•I /^o r^A 
L.1 — L.2 — Ci — C4 


-3.5 (2) 


/"^"i r^A r^c 
Cz — Cj — C4 — CD 


1 T/C AA /I C\ 

—1 /o.oy (ID) 


Cz — Cj — C4 — cy 


O A /OA 

2.9 (2) 


C3 — C4 — C5 — Co 


177.34 (16) 


C9— C4— C5— C6 


-1.7 (2) 


C4_C5— C6— C7 


-0.7 (3) 


C5— C6— C7— C8 


1.4 (3) 


C6— C7— C8— C9 


0.3 (3) 


C7— C8— C9— C4 


-2.7 (2) 



C 1 1 — CzU — Uz 


Uo. /j (13) 


C 1 y — C20 — 02 


117.53 (13) 


JN 1 — Cz 1 — Czz 


112.09 (13) 


XT1 i^O 1 TJO 1 A 

JN 1 — Cz 1 — ^Mz 1 A 


luy.z 


i^OO i^OI TUT 1 A 

Czz — Cz 1 — Mz 1 A 


1 An T 

luy.z 


"\T1 /^O 1 XJO 1 D 

JN 1 — Czl — ^MZId 


1 AO 0 


/^OO /^0 1 XJ0 1 T3 

Czz — Cz 1 — Mz 1 D 


1 AO 0 


XJO 1 A /^O 1 XJO 1 D 

Mz 1 A — Cz 1 — Mz Id 


1 AT A 

lu/.y 


/^OT /^T) /^Tl 

Cz / — Czz — Cz3 


1 1 O TT /I 

lls.zj (lo) 


/^TT /^TT /^Tl 

Cz / — Czz — Cz 1 


Izu.zo (Id) 


/^0'3 /^OO /^01 

Cz3 — Czz — Cz 1 


111 /n/ic\ 
lzl.4/ (15j 


/^Ti r~"Ti 

Czz — Cz3— Cz4 


1 TA O C /"I /^\ 

lzU.55 (lo) 


/^T) TUTl 

Czz — Cz3 — Mz3 


1 1 A /; 
1 ly.D 


/^T/l /^Tl TLJT3 

Cz4 — Cz3 — Mz3 


1 1 A 

uy.D 


/^OC /^0'5 

Cz5 — Cz4 — Cz3 


1 1 A AO /"I 0\ 

119.98 (18) 


i^OC i^O/1 XJO/1 

Cz J — Cz4 — Mz4 


1 TA A 


i^O"! i^O/l XJO/1 

Cz3 — Cz4 — Mz4 


1 TA A 


/^0/1 /^OC /^OiC 

Cz4 — Czj — Czo 


1 1 A T3 /I T\ 

iiy./j (1 /) 


/^O/l /^OC XJOC 

Cz4 — CzD — MzD 


1 OA 1 

IzU.l 


r^'yc /^oc TUTC 
Czo — Czj — MZj 


1 TA 1 

IzU.l 


/^T? f^'^C /^TC 

Cz / — Czo — Czj 


1 TA AT / 1 n\ 

IzU.U/ (1 /) 


/^OT /^OiC XJOiC 

Cz / — Czo — Mzo 


1 TA A 


/^oc /^OA xjo/i 
Czj — Czo — Mzo 


1 OA A 

izu.u 


i^O/C i^OT /^OO 

Czo — Cz / — Czz 


lzl.lz(l6) 


/^O/^ /^OT UOT 

CZo — cz / — MZ / 


1 1 n /I 

1 iy.4 


/^OO /^OT XJOT 

Czz — Cz / — Mz / 


1 1 A /I 

1 iy.4 


Czl — JN 1 — r 1 


IT/1 T^ 

124. lb (11) 


Czl — JN 1 — MIJN 


11T T 

11 /.Z (13) 


r 1 — JN 1 — ^MIJN 


iiTn/^iT\ 

Uj.y (ij) 


r^-K c\\ X)1 

CI — Ul — 1 


1 T1 T/I ^Q'\ 


CzU — Oz — r 1 


1 1 o T 1 /n\ 
lls.jl (y) 


03— PI— 01 


118.28(6) 


03— PI— 02 


107.13 (6) 


01 — ^Pl — 02 


102.82 (6) 


03 — PI — ^Nl 


114.72 (7) 


01 — ^Pl — ^Nl 


102.49 (7) 


02 — ^Pl — ^Nl 


110.75 (7) 


Cll — Clz — CI / — Cl5 


1 A /">\ 

-1.4 (2) 


Clj — Clz — CI / — ClO 


A ^ /OA 
— U.O (Z ) 


Cll — Clz — CI / — ClO 


1 nn o 1 /"i A\ 
1 / /.Zl (14) 


/^liC /^lo 
CID — ClO — CI / — Cls 


1 no oi /I 
1 /o.o3 (lo) 


CI 5 — C16 — C17 — C12 


0.3 (2) 


C12— C17— C18— C19 


2.9 (2) 


C16— C17— C18— C19 


-175.69(15 


C17— CIS— C19— C20 


-0.9 (2) 


C12— Cll— C20— C19 


4.2 (2) 


CIO— Cll— C20— C19 


179.94(14) 



C12— Cll— C20— 02 -176.58 (12) 
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c/ — Co — cy — ciu 


1 /o.Oi (1 j) 


cj — C4 — cy — Co 


— 1 ij.Ij (14) 


r^c r^A i~^c\ r^o 

CD — C4 — cy — Cs 


3.3 (2) 


c J — C4 — cy — C i U 


3.U (2) 


/"'C /"'/I /~^C\ /"'I A 

C5 — C4 — cy — C 1 u 


— 1 / /.Vo (14) 


cz — c 1 — c 1 u — cy 


7.7 (2) 


u i — c i — c i u — cy 


—1 ij.Zi y^Z) 


Cz — C 1 — C 1 U — C i i 


—1 IZ.JD (,14) 


Ul — CI — ClU — Cll 


4.6 (2) 


Co — cy — C 1 U — C 1 


1 /iJ.OO (14) 


C4 — cy — C 1 0 — C 1 


— O.U (z) 


Co — cy — C 1 U — C 1 1 


-9.1 (2) 


C4 — cy — C 1 U — C 1 1 


1 /Z.iy (13) 


CI — ClU — Cll — CzU 


-51.9 (2) 


/~^A /^1A /^OA 

cy — ClU — Cll — CzU 


1 n AA /I c\ 

Iz/.yu (ID; 


CI — ClU — Cll — Clz 


lz3.oi (Id) 


t^C\ /"'lA /"'ll /^I'l 

cy — ClU — Cll — Clz 


—30.0 (ZJ 


CzU — Cll — Clz — Cli 


1 /D.OO (14J 


ClU — Cll — Clz — CI j 


A A 

U.U \l) 


/"'OA /^iT r^\n 
CzU — Cll — Clz — CI / 


— Z.U \L) 


ClU — Cll — Clz — CI / 


— 1 / /.DO (14) 


C17 — Clz — C13 — C14 


A A 

U.U (2) 


Cll— C12— C13— C14 


-177.67 (15) 


C12— C13— C14— C15 


0.8 (2) 


C13— C14— C15— C16 


-1.2 (3) 


C14— C15— C16— C17 


0.6(3) 


C13— C12— C17— C18 


-179.16(14) 



C 1 U — C 1 1 — C2U — \Jl 


A O 

— U.o (z) 


/"'lo /"'in /^iA 1 1 
C 1 o — C 1 y — CzU — C 1 1 


— Z.6 (z) 


C 1 6 — C 1 y — CzU — Uz 


1 T? AiC /I /1\ 

1 / /.yo (14) 


JN 1 — Cz 1 — Czz — Cz / 


oz.i (z) 


JN 1 — Czl — Czz — Czi 


1 AA A1 (^o\ 
— lUU.Ul (lo) 


r^'^n r^T) /^ti /^t/i 
Cz / — Czz — Cz J — Cz4 


1.4 (2) 


Cz 1 — Czz — Czi — Cz4 


1 nc 11 /I c\ 
—1 /O.ii (Ij) 


i^OO i^OI i^Oyl 1^0^ 

Czz — Cz3 — Cz4 — Czj 


-0.4 (3) 


r^'^i r^'^A /^"iz /^T/C 
Cz 3 — Cz4 — C Z J — Cz 0 


1 A 

-1.0 (3) 


/^T/i r^'>c f^'^n 
Cz4 — Cz J — Czo — Cz / 


1.4 (3) 


/^OC /^liC /^T7 /^OO 

Cz J — Czo — Cz / — Czz 


A A (1\ 

-0.4 (3) 


/^TI r~"T1 r~"T7 

CzJ- — ^Czz — ^Cz / — Czo 


1 A {1\ 

-1.0 (3) 


/^Ol /^T7 r^'^c 
Cz 1 — Czz — Cz / — Czo 


1 ni^ "7/: /I /:\ 
1 /o. /o (Id) 


f~^'>'> Ml T>i 
Czz — Cz 1 — JN 1 — r 1 


1 cn AT / 1 T\ 

159.UZ (IZ) 


C 1 U — C 1 — U 1 — r 1 


00. 19(10) 


1 1 T> 1 

Cz — CI — Ol — r 1 


11/1 CI /IIA 

— 114.53 (13) 


1 i^TA r>i 
Cll — CzU — Uz — r 1 


1 C /I ^\ 

/0.15 (lo) 


C 1 y — CzU — Uz — r 1 


1 A/l CO /I /l\ 

— 1U4.5S (14) 


x)i r^i 

C 1 — U 1 — r 1 — Ui 


/O.jU (Iz) 


/^i /^i m 

CI — Ul — r 1 — Uz 


/II A A {'\ ")\ 

—41.44 (Iz) 


1 1 T> 1 XT 1 

CI — Ul — 1 — JN 1 


1C£ /IT /11\ 

— 15o.4j (11) 


CzU — Uz — 1 — Ui 


1 T3 AA /"I A\ 

—173.99 (lU) 


C20— 02— PI— 01 


-48.64(11) 


C20— 02— PI— Nl 


60.22 (12) 


C21— Nl— PI— 03 


154.28(14) 


C21— Nl— PI— 01 


24.77 (16) 


C21— Nl— PI— 02 


-84.31 (15) 



Hydrogen-bond geometry (A, °) 

D—H-A D—H H-A D-A D—}\-A 

Nl— H1N-03' 0.90(2) 2.01 (2) 2.9015 (17) 170.2 (18) 
Symmetry codes: (i) -x, -y+\, -z+1. 
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